A rapid method for estimating the extent of microbial contamination on food and on food processing equipment is described. Microbial cells are rinsed from food or swab samples with sterile diluent and concentrated on the surface of membrane filters. The filters are incubated on a suitable bacteriological medium for 4 hr at 30 C, heated at 105 C for 5 min, and stained. The hr of incubation; however, they concluded that only limited application of their method was feasible in routine examination of fresh and frozen vegetables. In the studies reported here, the use of membrane filters to concentrate microbial cells, plus the use of a vital stain, makes it possible to observe microcolonies which develop after 4 to 5 hr of incubation.
Several methods are commonly used to determine the extent of microbial contamination on foods and equipment: standard plate count, spread plates, shake tubes, most probable number, and dilution to extinction. These methods share the disadvantage of the time required for the microbial cells to grow to visible concentrations, usually 24 to 72 hr.
Attempts have been made to shorten the length of incubation of colony-counting procedures. Such modifications have included the Frost "little" plate (5), agar strips, roll, and oval tube methods. Although these methods have been accepted in certain areas of microbiology, they have not supplanted the standard plate count method with its reliance upon 24 to 72 hr of incubation.
Microscopic methods of Breed and Brew (1-3), although applicable to milk, are difficult to apply with vegetables where food particles are difficult to distinguish from the bacterial cells. In addition, there is the limitation of being unable to distinguish living from dead cells.
Frazier and Gneiser (4), reporting on use of the membrane filter, reduced the time to 8 to 18 hr of incubation; however, they concluded that only limited application of their method was feasible in routine examination of fresh and frozen vegetables. In the studies reported here, the use of membrane filters to concentrate microbial cells, plus the use of a vital stain, makes it possible to observe microcolonies which develop after 4 to 5 hr of incubation.
MATERIALS AND METHODS Reagents. Janus B green (60 mg per 100 ml in distilled water) was filter-sterilized. The medium employed was standard plate count agar (Difco).
Preparation of sample. Fifty grams of sample was aseptically added to 450 ml of sterile saline solution and shaken vigorously for 1 min. A 10-ml amount of this diluent was then filtered through an 8.0-,um membrane to remove larger particles of vegetable material and yet permit passage of the bacteria. A washing with sterile water followed. The diluent and wash water were caught in a 1-liter sterile vacuum flask. The entire contents of the flask were filtered through a sterile 0.45-jAm membrane, which was then cut into three strips which were incubated on a sterile absorbant pad pretreated with 2 ml of medium. The strips were removed at intervals of 4, 5, and 6 hr, fixed in an oven at 105 C for 5 min, and stained with Janus green, taking care not to dislodge the microcolonies. After drying in an oven at 60 C, the strips were rendered transparent by immersion oil and examined under various magnifications. An average count per field was obtained and converted to units per gram. A simple method of accomplishing this was to determine the number of microscopic fields, for the magnification used, on the total membrane. This was done by lining up the edge of one field with the edge of a grid mark on the corner of one of the squares of the membrane. The grid marks appear as a series of dots, and by scanning across a line, with the dots of the line as a guide, the number of fields along one side was counted. It can be determined mathematically that the relationship of the area of the microscopic field to one grid square is 14n2/l 1, where n = the number of fields along one side of the square. As there are 100 squares in the membrane covered, multiplying by 100 gives the number of fields on the membrane.
The colonies in the first strip were usually easily Attempts were then made to allow the bacteria to grow sufficiently to form microcolonies, which could be more readily identified microscopically. T'he membranes were prepared as previously de- scribed, but, before staining, the membranes were placed on absorbant pads saturated with a nutrient medium (glucose-tryptone-yeast extract), incubated at 30 to 35 C for various periods of time, stained, dried, rendered transparent, and exarmined microscopically.
It was observed that microcolonies could be identified after 2 to 4 hr of incubation under magnifications of 800 to 1,000 X (Fig. 1) and after 4 to 6 hours when a magnification as low as 80 x was used (Fig. 2) ranges of "low," "moderate," or "excessive" contamination, i.e., less than 50,000 cells per g, between 50,000 and 100,000 cells per g, and over 100,000 cells per g, it will serve as the rapid monitoring system for which it is intended.
Tlhe quick count method has been used successfully for monitoring purposes by several food processing plants that cooperated in the study.
